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(57) ABSTRACT 
For imaging a 3D data set the method of the invention 
comprises the following steps in succession: acquisition of 
images, reconstructing a 3D data set, followed by visual 
ization, the reconstruction being started With a limited initial 
range of orientations around the direction of a local mid 
projection from a starting point so as to be visualized, said 
acquisition being continued during visualization and the 
reconstruction being updated in accordance With the addi 
tional acquisition obtained up to a ?nal result. In particular, 
the selected part comprises a ?rst visualization covering a 
range of from about 40° to 60°, With a midprojection at 

(86) PCT No.: PCT/IB02/01732 about from 20° to 30°. 
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METHOD AND APPARATUS FOR VISUALIZING A 
3D DATA SET 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a method as disclosed in 
the preamble of claim 1. 

[0002] Several different technologies for generating a 
digital 3D imaging data set in a broadly medical environ 
ment have been in use, such as 3D-CT, 3D-MRI, 3D-Ultra 
sound, 3D-Rotational Angio, 3D Rotational X-ray, and oth 
ers. The medical environment includes Without limitation 
the use of such visualiZing for therapy planning, exploration, 
teaching, or veterinary, generally as applied to various tissue 
types that are relevant for living matter. Medica mundi, 
Vol.42, No.3, pp.8-14, November 1998 describes a method 
for imaging a 3D volume of structures Which comprises the 
folloWing steps in succession: acquisition of images, col 
lecting these images in a suitable manner for further pro 
cessing, reconstructing a 3D image after previous correction, 
folloWed by visualiZation. The present inventors have rec 
ogniZed further advantages that may be attained by starting 
the reconstruction after acquisition With a limited initial 
range, folloWed by successive reconstructions of increas 
ingly larger ranges until the full range has been obtained. In 
particular, such method Would alloW a vieW of the condition 
of the relevant area in an early stage of the acquisition in 
addition to the possibility of obtaining information from 
various angles of observation. The inventors have also 
recogniZed that in addition to customary visualiZation meth 
ods, the vieWing of the above ranges Would further alloW the 
use of tomographic visualiZation to provide a user With even 
more pregnant information on the spatial details of the 
object under consideration. 

SUMMARY OF THE INVENTION 

[0003] Therefore, it is an object of the invention to visu 
aliZe an initial image of a limited range from a starting point, 
folloWed by visualiZing subsequent images of continuously 
broader ranges, until the full range has been obtained. 
Therefore, according to one of its aspects the invention is 
characteriZed as disclosed in the characteriZing part of claim 
1. Further advantageous aspects of the invention are recited 
in dependent claims. 

BRIEF DESCRIPTION OF THE DRAWING 

[0004] These and further aspects and advantages of the 
invention Will be discussed more in detail hereinafter With 
reference to the disclosure of preferred embodiments, and in 
particular With reference to the appended Figures, in Which 

[0005] FIG. 1 shoWs an apparatus for acquiring images 
such as shoWn in the FIGS. Za-e. 

[0006] FIGS. 2a-2e shoW the gradual development of the 
spatial image at 0°-60° (midprojection 30°), 0°-90° (mid 
projection 45°), 0°-120° (midprojection 60°) and 0°-150° 
(midprojection 75°), respectively, to the full spatial image 
over the range of 0°-180° (mid-projection 90°). 

[0007] FIG. 3 shoWs a survey of the successive steps in 
developing a full spatial spectroscopic image With various 
ranges and their corresponding midprojection as shoWn in 
the FIGS. 2a-2e. 
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GENERAL CONSIDERATIONS 

[0008] With respect to considering the method according 
to the present invention, the inventors have recogniZed the 
feasibility of tomosynthesis as an additional generating 
technology for the data set. By itself, the tomosynthesis 
technology focuses on getting only a single plane of image 
points sharp, but a subsequent parallel shifting or stepping of 
this plane Will alloW a region that has a similar character to 
be covered. Moreover, the rotating of such single plane over 
the stereoscopic angle in the same range of values as stated 
above Will retain the original sharpness and resolution of the 
single image plane, so that through stepping the stereoscopic 
pair of planes the technology of tomosynthesis Will also 
alloW for applying the principles of the tomographic 
approach as described above. 

[0009] An additional advantage obtained by the method 
according to the present invention is that the time required 
for obtaining the ?rst visualiZation is substantially shorter 
than the time required for obtaining the visualiZation of the 
complete range. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0010] The procedure of the present invention Will gener 
ally start by applying a conventional tWo-dimensional imag 
ing method such as an X-ray scan to an intended object. 3D 
rotational X-ray data set is obtained by repeating the 2D 
operation along various aXes, such as by rotating the object 
over 180° around an aXis that is generally perpendicular to 
the aXis of the “line-of-sight” of the X-rays. Decreasing the 
above rotation angle substantially beloW 180° Will loWer the 
eventual vieWing quality. On the other hand, increasing the 
rotation angle substantially above 180° is generally not 
cost-effective When it should provide more information. The 
original paper in the ?eld is L.A. Feldkamp et al, “Practical 
Cone-Beam algorithm”, J. Opt. Soc. Am. A/Vol. 1, No. 6, 
June 1984, pages 612-619A. Reference is also made to a 
paper by M. Grass et al, “Three-Dimensional Reconstruction 
of High Contrast Objects Using C-Arm Image Intensi?er 
Projection Data”, ComputeriZed Imaging and Graphics, Vol. 
23 (1999), pages 311-321, inter alia to various resultant 
images. These algorithms or other high-poWered computa 
tion algorithms Will convert the data set into a 3D point 
related data set. This 3D data set may immediately be used 
for rendering a 3D image of the object on a display screen. 
This image may be subjected to various motions, such as 
shifting or rotating, in order to obtain the best possible vieW 
of the object that may alloW to distinguish betWeen arteries, 
bone, organs and tissues of various other kinds as displayed. 

[0011] The present inventors have recogniZed that a sub 
stantial improvement in image quality Will be attainable by 
clipping off such information that Would relate to unWanted 
or uninteresting points in space, thus alloWing a major 
improvement in effective visualiZation conditions. For 
eXample, the vieWing of tissue regions behind certain bone 
structures is greatly enhanced When the points associated 
With these bone structures are eXcluded from consideration 
by clipping. Similar considerations apply to structures 
behind the region of interest. The same considerations apply 
to other diagnostic technologies, such as 3D-MRI, 3D-Ul 
trasound, 3D-Rotational Angio, 3D-Rotational X-ray, and 
others. 
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[0012] By itself, the use of clipping has been posed by 
Huseyin Kemal, in “IVOR: Interactive and Intuitive Volume 
Rendering of 3D-Medical Data With 3D-Texturing Mapping 
Technique”, htt://iregtl.iai.fZk.de/VRTRAIN/diplomarbei 
t.htm. Therein, three mutually perpendicular clipping planes 
are used, but it has been found that limiting the imaged 
region to an intermediate region betWeen ?rst and second 
clipping planes is much more useful in the present operating 
context than the cited Kemal technique. 

[0013] FIG. 1 shoWs a device for carrying out the method 
according to the invention. The reference numeral 1 in FIG. 
1 denotes an imaging device Which serves to form tWo 
dimensional X-ray images of an object 3 to be examined, for 
example a patient Who is arranged on a table 4. The imaging 
device 1 includes an X-ray source 12 and an X-ray image 
pick-up device 13 Which are aligned relative to one another 
and mounted on an arc of circle section 10 (a so-called 
C-arm) Which itself is journalled in a stand 11 Which is only 
partly shoWn. The C-arm 10 itself can be pivoted around a 
perpendicular axis on the one hand and be rotated around its 
center in the direction of the double arroW 20 on the other 
hand, for example through 180°, by means of a motor drive 
(not shoWn). During this motion a plurality of X-ray images 
can be formed Which reproduce the examination Zone 3,4 
from different angular positions (some of Which are denoted 
by dashed lines) of the image pick-up system 12,13. The 
X-ray image pick-up device 13 may be an X-ray image 
intensi?er Whereto a television chain is connected, the 
output signals thereof being digitized by an analog-to-digital 
converter 14 in order to be stored in a memory 15, so that 
at the end of the examination the entire series of X-ray 
images Will have been stored. These X-ray images can be 
processed by an image processing unit 16. The images 
formed . . D_1, Di, Din, DMZ. . . ) can be displayed on a 
monitor 18 as a series of images over successively increas 
ing ranges. The individual components of the X-ray device 
are controlled by means of a control unit 17, Which com 
prises a unit governing display of the successively increas 
ing ranges. 

[0014] FIGS. 2a-2e illustrate the results obtained by visu 
aliZing the various ranges. 

[0015] FIG. 2a shoWs the visualiZation of a hand after a 
limited range of 60° (midprojection 30°) has been covered. 

[0016] FIG. 2b shoWs the visualiZation of the hand after 
a limited range of 90° (midprojection 45°) has been covered. 

[0017] FIG. 2c shoWs the visualiZation of the hand after a 
limited range of 120° (midprojection 60°) has been covered. 

[0018] FIG. 2a' shoWs the visualiZation of the hand after 
a limited range of 150° (midprojection 75°) has been cov 
ered. 

[0019] FIG. 26 shoWs the visualiZation of the hand after 
completion of the full range of about 180° along a mid 
projection of 90°. 

[0020] In particular FIG. 2a offers early information on 
the object concerned in a limited period of time in compari 
son With the time required to obtain the full picture. In 
addition it alloWs a vieW of at least part of the “hidden part” 
of the hand as shoWn in FIG. 26. 
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[0021] FIG. 3 is a survey of the various ranges over Which 
the visualiZations are obtained, together With their mid 
projections. 
[0022] If applicable, a speci?c imaged structure thus 
found may be stored in memory for repetitive usage. By 
itself, persons of ordinary skill in the art of medical imaging 
Will recogniZe the technology of tomosynthesis and refer 
ence is made in this respect to standard university textbooks. 

1. A method for imaging a 3D data set, said method 
comprising the folloWing steps in succession: acquisition of 
images, reconstructing a 3D data set, folloWed by visual 
iZation, said method being characteriZed in that initially the 
reconstruction is started With a limited initial range of 
orientations around the direction of a local midprojection 
from a starting point and is visualiZed, said acquisition being 
continued during visualiZation and the reconstruction being 
updated in accordance With the additional acquisition 
obtained up to a ?nal result. 

2. A method as claimed in claim 1, Wherein said ?rst 
reconstruction covers a range of from about 40° to 60° from 
the starting point, With a midprojection at about from 20° to 
30°. 

3. A method as claimed in any one of the claims 1 and 2, 
Wherein said ?rst reconstruction is folloWed by a second 
reconstruction covering a range from the starting point of 
about from 60° to 90°, With a midprojection at about from 
30° to 45°. 

4. A method as claimed in any one of the claims 1 and 2, 
Wherein said reconstruction is continued until the full range 
has been covered. 

5. A method as claimed in any one of claims 1 and 2, 
Wherein visualiZation is carried out immediately after 
completion of the reconstruction of a range. 

6. A method as claimed in any one of claims 1 and 2, 
Wherein the ?nal reconstruction covers a range of 180°. 

7. Amethod as claimed in the claims 1 and 6, Wherein said 
?rst reconstruction covers a range of from about 40° to 60° 
from the starting point, With a midprojection at about from 
20° to 30°. 

8. Amethod as claimed in the claims 1 and 6, Wherein said 
?rst reconstruction is folloWed by a second reconstruction 
covering a range from the starting point of from about 60° 
to 90°, With a midprojection at from about 30° to 45°. 

9. An apparatus for visualiZing continuously increasing 
ranges of a 3D medical data set, said apparatus comprising: 

an X-ray source (12) Which may be moved With respect to 
an object (3) to be investigated and faces at least one 
X-ray detector (13) for collecting the images over a 
range With data processing means (16), said apparatus 
being characteriZed in that it comprises means alloWing 
visualiZation of at least one set of X-ray images over a 
range of less than 180° With the X-ray image in a plane 
perpendicular to the midprojection of the range, and 
continued extension of the range. 

10. An apparatus as claimed in claim 9, Wherein the ?nal 
range covers 180°. 


